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7KHDLPRIWKLVZRUN LV WRFKHFNIHDVLELOLW\RIMRLQLQJDXVWHQLWLF VWDLQOHVV VWHHOXVLQJ IULFWLRQVWLUZHOGLQJ)6: 'HIHFWIUHHZHOG
LV REVHUYHG DFKLHYHG LQ PP WKLFN DXVWHQLWLF VWDLQOHVV VWHHO IULFWLRQ VWLU ZHOGHG ZLWK WRRO URWDWLRQ VSHHG RI  530 DQG
ZHOGLQJVSHHGRI PPPLQ7KHZHOGV DUH WHVWHGPHFKDQLFDOO\E\WHQVLOHWHVWV DQG WKHLU 9LFNHUVKDUGQHVV YDOXHV DUH PHDVXUHG
ZKLOH WKHLU LPDJHV DUH REWDLQHG E\ RSWLFDO PLFURVFRS\ 1HDUO\ HTXDO XOWLPDWH WHQVLOH VWUHQJWK RI WKH ZHOG ZLWK LQFUHDVH RI
KDUGQHVVLQQXJJHW]RQHZLWKUHVSHFWWR WKH EDVHPDWHULDO LVDFKLHYHG




)ULFWLRQVWLUZHOGLQJ)6:LV D VROLGVWDWHMRLQLQJSURFHVVLQYHQWHGDQGSDWHQWHG E\7KH:HOGLQJ,QVWLWXWH7:,
8. &-'DZHVHWDO  ,Q FRQYHQWLRQDO IXVLRQZHOGLQJ RI$,6, PHOWLQJRI PDWHULDO WDNHVSODFH LQ WKH
ZHOG ]RQHZKLFK OHDGV WR WKH IRUPDWLRQ RI ³VLJPD SKDVH´ DQG FKURPH FDUELGH LPSDUWLQJ SRRU ZHOG TXDOLW\ &
0HUDQ HW DO  7KHPD[LPXP WHPSHUDWXUH RI WKH ZHOG GXULQJ)6: LV SUHGLFWHG WR UHDFK DURXQG RI WKH
PHOWLQJ WHPSHUDWXUH RI WKHPHWDO +.%KDGHVKLD HW DO  ,Q)6: WKH MRLQLQJRFFXUVGXH WR VLPXOWDQHRXV
IULFWLRQDO KHDWLQJ DQG GHIRUPDWLRQ RI URWDWLQJ WRRO ZLWKRXW PHOWLQJ DQG UHFDVWLQJ RI PHWDO ZKLFK JHQHUDWH IHZHU
GHIHFWVDVFRPSDUHG WRWUDGLWLRQDOZHOGLQJSURFHVVHV OLNHIXVLRQ ZHOGLQJ ,QDGGLWLRQ)6:LVDQHFRIULHQGO\DQG
&RUUHVSRQGLQJDXWKRU7HO ID[ 
(PDLODGGUHVV VXKDVK#LLWKDFLQ
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HQHUJ\HIILFLHQWJUHHQWHFKQLTXH ,Q WKHWZR ODVWGHFDGHVVLJQLILFDQWGHYHORSPHQWLQ )6: RIYDULRXVPDWHULDOV KDV
KDSSHQHG OLNH VXFFHVVIXO EXWWZHOGLQJ RI KDUGHUPDWHULDOV 5 60LVKUD HW DO  7KHPDLQ REMHFWLYH RI WKH




$V UHFHLYHG SODWHV RI DXVWHQLWLF VWDLQOHVV VWHHO KDYLQJ GLPHQVLRQV PP [  PP [  PP ZLWK QRPLQDO
FKHPLFDO FRPSRVLWLRQ WDEOH  DUH REWDLQHG 3ODWHV ZHUH PHFKDQLFDOO\ JURXQG DQGPLOOHG IURP WKH HGJHV (7$
:HOGLQJ PDFKLQH FDSDFLW\  WRQ YHUWLFDO EHG VSHFLILFDWLRQV JLYHQ LQ 7DEOH  DW ,,6F %DQJDORUH ZDV XVHG WR




DVSHU WKHJXLGH OLQHVRI$670(0VSHFLILFDWLRQ 9%DODVXEUDPDQLDQHW DO 'XUD6FDQ(PFR7HVW
9LFNHUVKDUGQHVVPDFKLQHZLWKGLDPRQGS\UDPLGVKDSHGLQGHQWHUZDVXVHGWRJHWKDUGQHVVSURILOH1RIORDG
IRUVDW UHJXODU LQWHUYDORI PPRQ WKHFURVVVHFWLRQSHUSHQGLFXODU WR WKHZHOGLQJGLUHFWLRQRIDOO WKHZHOGV
0LFURVWUXFWXUDO REVHUYDWLRQV ZHUH SHUIRUPHG E\ RSWLFDO PLFURVFRS\ 20 7KH VSHFLPHQV IRU 20 ZHUH FXW
SHUSHQGLFXODUWRWKHZHOGLQJGLUHFWLRQE\('0DQG ZHUH PHFKDQLFDOO\JURXQGZLWKVLOLFRQFDUELGHJULQGLQJSDSHU

























3OXQJHVSHHG PVHF PPPLQ)LJ 7HQVLOH6SHFLPHQ RI (0VSHFLILFDWLRQ 'LPHQVLRQVLQPP
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7KH RSWLFDO LPDJHV DW YDULRXV ZHOG ]RQHV RI VDPSOH 7 DUH VKRZQ LQ ILJXUH  1XJJHW ]RQH DQG
7KHUPRPHFKDQLFDOO\ DIIHFWHG]RQH70$= DUH JLYHQLQILJXUH D DQGE 'XHWRVWLUULQJDFWLRQRIWRROWKHJUDLQV
LQ WKHQXJJHW ]RQHILJXUHDDUHFRPSOHWHO\GLVWRUWHG ZLWKQR WZLQERXQGDULHV DVSUHVHQWLQWKHEDVHPDWHULDO7KLV
FDQ EH DWWULEXWHG WR WKH WKHUPDO DQG PHFKDQLFDO DFWLRQV H[SHULHQFHG E\ WKLV PDWHULDO ZKLFK FDXVHG G\QDPLF
UHFU\VWDOOL]DWLRQWRRFFXU $OVRWKHJUDLQV LQ70$=VHHPWREHODUJHU WKDQWKH EDVHPDWHULDO
)LJ 9DULRXV]RQHVLQ7ZHOGHGVDPSOH D1XJJHW=RQHE70$=
 7HQVLOH7HVW
7HQVLOH WHVWV ZHUH SHUIRUPHG RQ WKH ZHOGHG VDPSOHV DQG WKH UHVXOWV REWDLQHG ZHUH FRPSDUHG ZLWK WKH EDVH
PDWHULDO7KH UHVXOWV DUH VKRZQ LQWDEOH DQG IHZ VSHFLPHQVSHFLILF JUDSKLFDOSORWV DUH JLYHQLQ ILJXUH ([FHOOHQW
DYHUDJH 03D 876YDOXHLVREWDLQHG IURP WKH 7 ZHOG ZKLFKLV MXVWDERYH WKH EDVH PDWHULDO ZLWK DQ DYHUDJH
HORQJDWLRQRI 7ZHOGVKRZHGQHFNLQJDWDURXQGFPDZD\IURPFHQWHUDW WKHDGYDQFLQJVLGHRIWKHEDVH
PDWHULDO UHJLRQ ([FHSW7 WKH UHVWRI WKH ZHOGVQHFNHGDQG IUDFWXUHG LQ WKHDGYDQFLQJVLGH LQEHWZHHQPP
IURPWKHQXJJHW]RQHDWWKHQXJJHW]RQH±70$=LQWHUIDFH 7KLVLVH[SHFWHGZLWKWKHIDFWRIVXGGHQFKDQJHLQJUDLQ
PLFURVWUXFWXUH EHWZHHQ WKH QXJJHW ]RQH DQG 70$= EHFRPLQJ WKH ZHDN UHJLRQ DQG WKHUHIRUH IDLOHG ILUVW XQGHU
VWUHVV &RQWDLQLQJQRGHIHFWVSRUHVDQGVPRRWKWUDQVLWLRQRIJUDLQVWUXFWXUHIURPWKHQXJJHW]RQHWRWKH70$=DQG
WKHQ WR WKH EDVHPDWHULDO WKH ZHOG UHJLRQ RI 7 RSWLFDO LPDJHV JLYHQ EHORZ EHKDYHV TXLWH VLPLODU WR WKH EDVH
PDWHULDODQGKHQFHDFKLHYHGZLWKHTXDO876YDOXH 6LPLODUYDOXHVRI SODVWLF \LHOG DQG ZRUNKDUGHQLQJ EHKDYLRU LQ
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%DVH0DWHULDO  
)LJ  3ORWVIRUWHQVLOHWHVWRIEDVHPDWHULDODQG 7 ZHOGHGVDPSOHV )LJ 9LFNHUVKDUGQHVVSURILOHDFURVV WKHZHOG
FRUUHVSRQGVWRGLVWDQFHIURPWRSLQPP
 9LFNHUV+DUGQHVV
9LFNHUVKDUGQHVV WHVWV WDNHQRQ WKH FURVVVHFWLRQSHUSHQGLFXODUWR WKH ZHOGLQJGLUHFWLRQ RI WKHEDVHPDWHULDODQG
DOO WKHZHOGVVKRZHGQHDUO\QRGLIIHUHQFHVDPRQJWKHP 7KHKDUGQHVVYDOXHRI9+1LVREWDLQHGIRUWKHEDVH
PDWHULDO 7KHKDUGQHVVSURILOHRI WKHEHVWZHOG7ZHOG DWYDULRXVGHSWKVLVJLYHQLQ ILJXUH7KHLQGHQWDWLRQZDV
WDNHQDIWHUHYHU\PPWRGHWHFWWKHFKDQJHVLQKDUGQHVV DW YDULRXV]RQHV +LJKKDUGQHVVDWWKHWRSRIWKHEHDGLQVWLU
]RQH LV REVHUYHG GXH WR WKH SUHVHQFH RI ILQH JUDLQ VWUXFWXUH ZKLFK DULVHV GXH WR VHYHUH WKHUPRPHFKDQLFDO
GHIRUPDWLRQ RIWKDWDUHD E\ WKH WRXFKLQJ RIWKH WRROVKRXOGHU)XUWKHUPRUH WKHKDUGQHVVJRHVRQGHFUHDVLQJDVWKH
VKRXOGHUHIIHFWGHFUHDVHVLQ WKH QXJJHW]RQH *RRG LQFUHDVHLQKDUGQHVVYDOXHLVQRWLFHGLQWKH WRSSDUWRIWKH QXJJHW
]RQHRI WKH 7ZHOGWKDQ WKDWRI WKHEDVHPDWHULDO ZKLFKLV GXHWR WKH ILQHUJUDLQVJHQHUDWHGLQWKHQXJJHW]RQH
 &RQFOXVLRQ
7KHPLFURVWUXFWXUDODQGPHFKDQLFDOHYROXWLRQRI$,6,VWDLQOHVVVWHHOGXULQJIULFWLRQVWLUZHOGLQJ LVVWXGLHG
$ GHIHFW IUHH ZHOG LV REWDLQHG ZLWK ZHOGLQJ SDUDPHWHUV RI URWDWLRQ VSHHG  530 DQG ZHOGLQJ VSHHG RI
PPPLQ8OWLPDWHWHQVLOHVWUHQJWKRI WKLV ZHOGHG VDPSOHLV REWDLQHG MXVWDERYH WKH EDVHPDWHULDO ZLWKDQ LQFUHDVH
LQKDUGQHVVLQ WKH QXJJHW]RQH
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